Experimental section:
General: The solvents used are of commercial grade. N,N'-bis(2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4:9,10 acid diimide 1 was supplied by BASF AG. Phospholipase A1 (PLA1) was a gift from Novozymes.
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) was purchased from
Avanti Polar Lipid and used without further purification. 3,3'-dioctadecyloxacarbocyanine perchlorate (DIO) was supplied by Fluka (purity > 99.0%). 5-carboxyfluorescein diacetate single isomer (5-CFDA) was purchased from Molecular Probes. The solutions of 5-CFDA were kept in dimethylsulfoxide (DMSO) (Aldrich 99,9%). Tritom X-100 was purchased from Fluka. ATTO dye 647N NHS ester was supplied by ATTO-Tec.
Column chromatography was performed on silica gel (Geduran Si60, Merck). 1 H and 13 C NMR were recorded on Bruker Avanche 250, Bruker AMX 300, Bruker DRX 500 and Bruker Avanche 700. FD mass spectra were performed with a VGInstruments ZAB 2-SE-FDP instrument. MALDI-TOF mass spectra were recorded on a Bruker MALDI-TOF spectrometer. UV/Vis spectra were recorded on a PerkinElmer Lambda 9, fluorescence spectra on SPEX Fluorolog 3 spectrometer. For the enzymatic measurements a Hepes buffer solution containing: 10 mM Hepes (Fluka, 99.5%); 30 µM calcium chloride (Sigma 99%); 10 µM EDTA (Sigma 95%); 150 mM sodium chloride (Sigma-Aldrich 99.99%) was used. For adjusting the pH until 8.0 a sodium hydroxide (Sigma-Aldrich 99.998%) solution was used.
The elemental analyses were performed by the Department of Chemistry and
Pharmacy of the University of Mainz. Compound 6 was synthesized as described in the literature. [1, 2] The synthesis of compounds 1, 1a, 1b, 1c, 2 and 4 is shown on figure S1 . Figure S1 . Synthesis of monofunctional water-soluble perylene derivatives.
N-(2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4:9,10-tetracarboxy-9,10-monoanhydride-3,4-monoimide 1a:
To a solution of N,N'-bis(2,6-diisopropylphenyl)-1,6,7,12-tetraphenoxyperylene-3,4:9,10-tetracarboxydiimide (7.56 g, 7.00 mmol) in 2-propanol (1 L) was added KOH (148 g, 2.64 mol) dissolved in water (130 mL). The reaction was refluxed under argon at 110°C for 12 h. After cooling to room temperature the solution was poured into HCl/H 2 O (60 mL/3.5 L). The precipitate was filtered and dried under vacuum at 60 °C. The solid was dissolved in acetic acid (100 mL) and refluxed at 80 °C for 30 min. Water (150 ml) was added; the precipitate was filtrated and purified over silica gel using dichloromethane as eluent. 
N-(2,6-diisopropylphenyl)-N'-[5-(N-succinimidyl)carboxypentyl]-1,6,9,14-tetra(4-sulfonylphenoxy)-terrylene-3,4,11,12-tetracarboxidiimide 7:
To a solution of 6 (100 mg, 0.067 mmol) in DMF (1 mL), dioxane (1 mL) and water (0.5 mL), was added diisopropylethylamine (12 mg, 0.1 mmol) and TSTU (25 mg, 0.083). After 1 h the mixture was filtered, and the solvents removed under vacuum.
Water (2 mL) was added and the solution was freeze dried to give the product as a blue-green solid in 80% yield. 1 
N-(2,6-diisopropylphenyl)-N'-[5-(N-(2-(4-maleimidobutyryl)ethyl)-carboxy
pentyl]-1,6,9,14-tetra(4-sulfonylphenoxy)-terrylene-3,4,11,12-tetracarboxidiimide
8:
To a solution of 7 (100 mg, 0.063 mmol) in dry DMF (3 mL) was added triethylamine (6.36 mg, 0.063 mmol) and 2-maleimidoethylamine trifluoroacetate salt (15 mg, 0.059 mmol 
Fluorescence Correlation spectroscopy (FCS)
Fluorescence correlation spectroscopy was performed on Compound 5 itself and enzyme labeled with 5 in aqueous solutions. A green He-Ne laser (λ = 543 nm) was used as an excitation source, and the laser light was passed through a 543 nm interference filter. The excitation laser was reflected by a dichroic mirror (z543rdc) and focused into the sample solution by an objective (100x, NA 1.3, Olympus). The excitation power at the focal point was 16.3 μW. The fluorescence was collected by the same objective and filtered with two band pass filters (HQ607/28X, S600/40M).
The fluorescence was detected by an avalanche photo diode (Micro Photon Devices, PDM 50CT) and the active area of the detector (50 μm) was used as a pinhole.
Calibration of the FCS setup was carried out with results of sulforhodamine101 aqueous solution. The diffusion time was estimated to be 30 μs and the form factor of the focal point was to be 5.2 -6.5 (see the next section). This form factor was used to analyze FCS curve of water soluble PDI and PDI 5 labeled enzyme.
Analysis of FCS curve
The following equation was used to analyze the FCS curve.
Where N is number of molecule in the focal volume, w represents the form factor of 
The results are summarized in table S1. 
Bulk activity measurements
Bulk activity was measured using SPEX FLUOROLOG 1500 (Spex Industries, Metuchen, NJ). The time base scan experiments were performed with 1Hz acquisition rate. The fluorescent product was excited at 500nm. The fluorescent emission was detected at 520nm.
Preparation of the layers
Phospholipid layers were prepared using the re-hydration method. [3] Briefly, a POPC solution containing 0.1 mol% DiO was spin-coated onto freshly cleaved mica (3000rpm for 40s). After drying under vacuum for 2h, the samples were hydrated by immersion in HEPES buffer (pH 8.0) followed by heating in an oven at 80 •C for 3 h.
Mica was purchased from SPI supplies (V-4 grade).
Wide-field microscopy
Imaging of individual single enzymes labeled with 5 on the POPC bilayers has been performed using an inverted wide-field epi-fluorescence microscope (IX71, Tracking of single enzyme molecules was performed using a home-made routine on
Matlab®.
[4]
PLA1 labelled with ATTO dye
The enzyme was labelled with ATTO 647N NHS ester by following the procedure suggested by the manufacturer (www.atto-tec.com). Specifically, the concentration of PLA1 solution was adjusted to 1.1 x 10 -7 M in sodium bicarbonate buffer (pH 8.3). Two-fold molar excess of reactive dye were added to the solution and incubate for 1h at room temperature. The free dye was removed from the solution using a micro dialysis filter with a cut-off of 7,000 MWCO (Pierce). Figure S3 is a typical fluorescence image of PLA1 with ATTO dye on a bilayer. 632.8 nm light was used to excite the dye molecules. The bright spots correspond to the labelled enzyme. As compared to PDI labelled PLA1 ( Fig. 2 and 3) , the spots are less bright and less clear in the image, which makes localization more difficult.
The survival time of the ATTO dye is less than 200 ms with about 1 kW/cm 2 of excitation power. This is considerably lower than the survival time of the PDI label (note that the ATTO is excited using a laser power about 5 times lower than the one use for Compound 5). With such a short survival time, it is hard to track the diffusive 
